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Abstract 
During the past three decades, twinning in dairy cattle has been rising at a significant 
rate, the cause of which is not well understood. There have been multiple reasons hypothesized 
to explain this but the most influential one has been found to be double ovulation due to 
lowered levels of progesterone.  Metabolism by the liver leading to decreased progesterone 
levels at time of ovulation leads to an increase in circulating luteinizing hormone, and therefore 
the occurrence of codominance and increased likelihood of a double ovulation event occurring. 
Twining has many negative health risks associated with it and there are three current methods 
that aim to either maintain higher levels of progesterone during ovulation or function to 
eliminate one twin while still in its developmental stage. Better understanding of the main 
mechanism behind increased twining rates allows beneficial decisions to be made at various 
times throughout a cow’s normal reproductive cycle and may even influence factors such as 
feeding schedule or breeding protocol. 
 
Introduction 
 Due to improved variables such as genetics, herd management and nutrition, dairy 
cattle produce more than double the amount of milk per cow as compared to 50 years ago. 
Along with increased milk production, farmers noticed an increase in the amount of twin calves 
being born in their herds. Many studies have been done to discover the possible reasons for 
this and hypotheses include the parity of a cow (the number of calves she has produced) the 
season in which pregnancy occurred, breed differences, previous twining events and genetic 
influences such as those passed from bull studs to their daughters. The factor that has been 
found to have the greatest influence on the development of twins is a lowered level of 
progesterone during ovulation. This lowered level of progesterone is the result of metabolism 
by the liver. Lowered circulating progesterone levels will cause an increased level of luteinizing 
hormone, which functions to cause codominance of two follicles and double ovulation. 
 Although the following mechanisms have been proposed as potential mechanisms for 
the increased rate of twinning in dairy cattle, they are not considered to be the main cause. 
Their effects on twinning may compound the twinning event but more research must be done 
on all to determine how strongly they add to the main mechanism of twinning. 
 
 
 
 
 
 
 
 The number of calves a cow has produced, 
and as a result of this, the lactations she has 
undergone, is known as parity. As seen in figure 1, 
when comparing 1st parity cows, also known as 
first-lactation heifers, and 2nd parity cows, there is 
a major increase in the rate of twinning. Although 
less of an overall change, the twinning rate 
continues to increase between 2nd parity and 3rd 
parity cows. From 3rd parity cows and onward, 
there is no significant difference in twinning rates. 
  
One of the proposed mechanisms of this is that 
older cows with increased parity have lower 
circulating levels of estrogen and progesterone. 
This would lead to decreased levels of both FSH 
and LH, the latter of which is most important 
regarding the incidence of double ovulation. 
The season in which a cow is pregnant does play a role on the development of twins. There 
are more twins being born in summer months compared to winter months due to the increased 
availability of feed and the potential for pasture-based feeding. Studies suggest that an 
increased twinning rate seen in the winter can be associated with an unintentional flushing 
occurring as a result of increased feed intake to make up for less than ideal feed conditions and 
cold stress.  
Twinning rates do vary between breeds, with bigger breeds of cows, such as Holsteins, 
having been proven to produce more calves than smaller breeds, such as Jerseys. In the United 
States, there is a heavy selection for increased cow size as this influences milk production, so 
there is an increase in twinning rates in the US when compared with other nations. 
Genetics plays a major role in almost every aspect of a dairy cow’s life. Strong selection for 
increased milk production began around the same time as the increase in twinning was seen so 
there is a positive correlation between these two events. It has been cows being bred using bull 
stud born after 1990 have an increased chance of producing twins. (Johanson, Berger, 
Kirkpatrick, & Dentine, 2001)  
 If a cow has produced twins before, she is likely to produce them again during her 
lifetime. While there is some relationship to the influence of parity, there are likely some 
maternal traits which require further investigation to determine the overall cause of this 
phenomenon. Out of all the above-mentioned aspects which possibly increase the rate of 
twinning, this is the least well understood because cows that have calved twins are more likely 
Figure 1 (Nielen, Schukken, Scholl, Wilbrink, & Brand, 1989) 
This graph represents the relationship between a cow’s lactation 
number (x-axis) and the twinning rate (%), seen with the line. For 
further explanation, see text. 
 
 
to be removed from the herd (culled) due to issues with production, reproduction or injury and 
illness.  
Reproduction of Dairy Cattle 
 With some variation in breed, most dairy cattle become sexually mature around 11-12 
months of age. In order to optimize variables such as percentage of mature weight or size, 
farmers usually wait to breed until around 12-14 months of age. From this point forward, the 
cow will cycle through the estrous cycle until she becomes pregnant.  
 The estrous cycle is a 21-day time period, representing the time between two 
ovulations. It is during this time that a cow can become pregnant. The estrous cycle can be 
divided into two phases- the follicular phase and the luteal phase. Within these two phases, 
each event that occurs is tightly controlled by hormones and checkpoints.  
The Follicular Phase 
 The follicular phase involves the growth and development of follicles, the space on the 
ovary where the ovum is contained. Cattle typically undergo 3 waves of follicular development, 
characterized by the recruitment of a group of follicles, followed by their growth, selection of a 
dominant follicle and eventual degeneration, known as atresia.  
 This phase of the estrous cycle is characterized by a high level of estrogen. Estrogen acts 
on the hypothalamus to cause release of gonadotropin-releasing hormone (GnRH), which in 
turn causes release of follicle-stimulating hormone (FSH) and luteinizing hormone (LH).  
The Luteal Phase  
 The luteal phase of the estrous cycle follows ovulation and involves the formation of the 
corpus luteum, the structure that secretes progesterone. One of the functions of progesterone 
is to help maintain pregnancy by inhibiting myometrial activity in the uterus and preparing it for 
implantation of the ovum.  
Follicular Waves  
As seen in figure 2, a dairy cow will have an average of three follicular waves during 
each estrous cycle. Each wave is tightly controlled by different circulating hormones and ends 
when a dominant follicle undergoes ovulation. 
At early stages of follicular development, follicular growth is more dependent on intra-
follicular components. The switch to gonadotropin-dependence occurs when they reach 3-4 
mm in size. Follicle stimulating hormone (FSH) stimulates the beginning of a new wave of 
follicular development. As a follicle increases in size, there is a switch from FSH dependency to 
LH dependency (Hunter, Robinson, Mann, & Webb, 2004). According to Macmillan, Kastelic and 
Colazo, when the future dominant follicle reaches a size of 8.5 mm, this signals the other 
follicles in the same group to stop growing. Follicles of this size have increased number of LH 
 
 
receptors, allowing them to continue to become the 
dominant follicle and undergo ovulation. Ovulation 
occurs when this follicle reaches 10 mm in size and is 
characterized by a sharp peak in LH.  
 Following ovulation, two sets of events can 
occur. If fertilization does not occur, the uterus 
produces prostaglandin. This hormone causes lysis of 
the corpus luteum, degrading it and causing a slow 
decrease in progesterone levels. Progesterone will 
continue to decrease, ending at an all-time low, 
signaling the beginning of the next estrous cycle. If 
fertilization did occur, the developing zygote blocks 
production of prostaglandin, maintaining the corpus 
luteum throughout pregnancy. A steady level of 
progesterone is seen in pregnant cattle, with a sharp 
decrease just prior to calving.  
 
Twinning in Dairy Cattle 
Normally dairy cattle only produce one calf per year. However, there has been a steady 
rise in the rate of twinning over the past few decades, with as much as 12% in some herds. The 
production of twins poses health risks for not only the cow carrying the twins but also for the 
calves themselves. In addition to compromising the health of these animals, twinning increases 
the amount of money the farmer must input towards herd heath and management. It has been 
estimated that costs related to twinning amount to $55 million per year. (Lopez-Gaitus, Andreu-
Vazquez, Mur-Novales, Cabrera, & Hunter, 2017). Although there are many factors that 
influence the rate of twinning, the most influential method is decreased progesterone at time 
of ovulation. There are currently methods used to lower pregnancy rates. One method 
functions to increase progesterone at time of ovulation, and three methods function to cause 
embryo reduction in already pregnant animals.  
 
 
 
 
 
 
Figure 2 (Park) 
Cattle typically undergo three waves of follicular 
development. A wave is a series of events including 
recruitment, selection, dominant and atresia. Typically, on 
the third follicular wave, the dominant follicle will be 
ovulated. 
 
 
Impact on the Cow 
Calving is considered one of the most taxing 
times of a cow’s life and this is exacerbated by 
the production of twin calves. Lameness, 
endometriosis, hypocalcemia, retained placenta 
and metritis are some health issues commonly 
seen with calving. As seen in figure 3, the calving-
to-pregnancy interval is increased following 
exposure to the listed disorders.  
Following calving, the body must return 
to a normal homeostatic state. This includes 
uterine involution, the transformation from a 
pregnant to a nonpregnant state. Typically, a 
farmer will wait 40-60 days post-calving to start 
breeding a cow for her next pregnancy. Andreu-
Vasquez and colleagues reported that cows that 
carried twins in their previous pregnancies had a harder time breeding back in the next 
breeding cycle. Ideally, a cow would become pregnant on the first heat cycle following calving, 
at approximately 90 days. With twinning, the conception rate at this time was lowered to 20.8% 
compared to 34.2% for cows that had carried only 1 calf.  
Culling is the removal of an animal from the herd. This can be done for a multitude of 
reasons, including increased age, decreased production or injury. In relation to twinning, cows 
that produced twins are culled earlier than their counterparts that only produce one calf. 
Andreu-Vasquez and colleagues reported that cows producing twins were culled 300 days 
sooner than normal.  
It has been found that carrying twins is the main non-infectious factor compromising 
pregnancy. According to Lopez-Gaitus and associates, cows carrying twins are three to seven 
times more likely to lose their pregnancies than those carrying a single embryo. Pregnancy loss 
is increased when ovulation occurs from one uterine horn versus both uterine horns. According 
to Macmillan and colleagues, this could be due to one embryo preventing implantation into the 
uterus. Pregnancy loss not only impacts the decision on whether to cull the cow, but also has a 
financial impact. One of the highest costs on a dairy farm is getting a cow pregnant and helping 
her maintain this pregnancy. 
Impact on the Calf 
 Calf care is an essential part of dairy farming as these calves will be the future milk 
producers of the herd. There are many factors that can impact a calf’s health and wellbeing, 
including the risk of freemartinism and nutrient availability. Nielen and colleagues discuss that 
Figure 3 (Dobson, Smith, Royal, Knight, & Sheldon, 2007) 
With calving, various health issues arise, such as those listed on the y-
axis. These health issues increase the calving-to-pregnancy interval, 
which is typically around 90 days.  
 
 
calf mortality in twins is higher when compared to single calves born within the first 24 hours of 
life. 
 Freemartinism is the condition where a female calf born twin to a male calf will most 
likely be sterile and unable to produce offspring. This is due to production of anti-Mullerian 
hormone by the male twin, which causes regression of female reproductive organs in both 
fetuses. There are tight placental anastomoses between fetuses which allows transfer of this 
hormone and the development of freemartins. Although genetic testing does exist to 
determine if the female is indeed sterile, farmers will generally cull these animals as the 
likelihood of sterility is extremely high with a range of 90-97%, according to Gilbert. 
 Correct nutrient availability is important at every life stage of cattle but especially 
important during the growth phase. If one twin is born bigger than its sibling, there could be 
later competition for feed intake which directly affects body growth. This is important regarding 
heifer development as certain body weight and size should be met before first breeding occurs, 
at around 12-14 months of age. 
The Effect of Increased Milk Production on Twinning Rate 
The biggest impact on twinning has been 
found to be increased milk production per cow 
which is related to the amount of feed intake. 
As pictured in figure 4, Lopez-Gaitus and 
colleagues reported that in high producers 
(>40 kg/day), double ovulation increased by 
approximately 25%. This level of production 
correlates to the level of production seen on 
many modern dairy farms.  
Many factors are known to affect milk 
production, from environmental temperature 
to genetic selection. Among these, the amount of 
milk a cow can produce is strongly dependent on 
the nutrition she receives. As seen in figure 5, 
increased feed intake will lead to increased blood flow to the liver, leading to increased 
progesterone metabolism. Over 90% of progesterone will be metabolized during the first pass 
through the liver. Wiltbank and colleagues state that while increased steroid metabolism due to 
high feed consumption can affect any species, it is especially important in species that have 
extreme increases in feed intake, such as lactating dairy cattle. 
Figure 4 (Wiltbank, Lopez, Sartori, Sangsritavong, & Gumen, 2006) 
As a cow’s milk production increases, the rate of double ovulation 
increases. For further explanation, see text. 
 
 
 
 Lowered levels of progesterone at time of 
ovulation cause an increased release of both 
luteinizing hormone (LH) and follicle stimulating 
hormone (FSH). Luteinizing hormone is responsible 
for the selection of a dominant follicle. According to 
Wiltbank and colleagues, differences in FSH 
concentration may lead to double ovulation. They 
state that although FSH levels are usually suppressed 
at dominant follicle selection, the follicular factor, 
most likely being estrogen, that causes suppression is 
depressed due to high rate of metabolism when 
traveling through the liver. This means there is 
increased circulating FSH, meaning more than 
one follicle can become dominant. Continued 
research on this topic will allow further a better 
understanding of the incidence of multiple 
follicles becoming dominant. With increased 
levels of LH, the multiple dominant follicles discussed are more likely to be ovulated at the 
same time.  
 In an experiment done at the University of Wisconsin by Vasconcelos, Sangstriavong and 
Wiltbank, they analyzed the different levels of blood progesterone following different feeding 
regiments. Cows were sorted into three groups based on percentage of total ration they 
received- 100%, 50% or 25%. Figure 6 examines the effects of the three treatment groups and 
states the overall mean progesterone levels over the 24-hour experimental period.  
While groups 1 and 2 showed a decrease in circulating progesterone by 1-hour post-
feeding followed by steading decline of progesterone for up to 9 hours post-feeding, group 3 
cows showed no significant decline of progesterone over the 24-hour period. In fact, group 3 
cows had an increased serum progesterone concentration at the end of the experiment, 
meaning that this feeding regiment could lessen the effects of increased progesterone levels 
following feeding. Results of this study could lead to farmers rethinking their current feeding 
schedules since they do have a high impact on reproductive rates, mostly being associated with 
lowered levels of progesterone following large meals. 
Figure 5 (Wiltbank, Lopez, Sartori, Sangsritavong, & 
Gumen, 2006) 
Increased blood flow functions to move nutrients to their 
site of metabolism during digestion. When comparing fed 
versus unfed states, there is a vast increase in liver blood 
flow in fed cattle. This has implications on hormone 
concentrations, as mentioned in the text.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How Can Twinning Be Reduced? 
 Since twinning is so detrimental to the overall farm, methods to reduce twinning are 
currently being investigated. Although there are currently no mechanisms known that can 
ultimately prevent the development of twins, there are various mechanisms that can lower the 
higher pregnancy loss associated with carrying of twins. One of the easiest ways of doing this is 
by administering exogenous GnRH at time of pregnancy determination. There are also less 
conventional methods that may be used on a more research setting, such as intraluteal 
administration of progesterone and manual rupture of amniotic vesicles at time of pregnancy 
determination. These methods are used to cause embryo reduction of one twin and have very 
serious risks associated with them. 
 Because the main cause of twinning is due to lowered preovulatory levels of 
progesterone, by administering GnRH, this functions to increase the amount of progesterone at 
time of ovulation. Lopez-Gaitus and colleagues found that when cows carrying twins were given 
GnRH at pregnancy determination (days 28-34 of gestation), pregnancy was maintained. They 
Figure 6 (Vasconcelos, Sangstriavong, & Wiltbank, 2003) 
Results of a feeding trial done to examine the effects of different rations on the concentration of 
progesterone. For further discussion, see text. 
 
 
proposed that this protocol should be in use on all farms since it reduces pregnancy loss to that 
of cows carrying single calves. 
  Other methods do currently exist that decrease the number of twins born on dairy 
farms by elimination of one twin while still developing. However, the mechanism for these 
methods is less applicable to modern dairy farms and is more likely to be seen in research 
settings.  
 The first method of embryo reduction involves the injection of prostaglandin directly 
into the corpus luteum. Lopez-Gaitus and Hunter examined whether this method would cause 
twin reduction and discovered that in cows carrying bilateral twin pregnancies, embryo 
reduction following lysing of the CL did occur. They did encounter the issue of unilateral twin 
pregnancies however, in which luteolysis resulted in the death of both twins. The mechanism 
for this involves counter-current transfer, the passing of hormones, in this case progesterone, 
from the corpus luteum to the uterus. Following the loss of one fetus due to lysis of the CL, the 
uterus redirects the progesterone to the horn which still contains a developing fetus. This 
increase in progesterone functions to maintain the pregnancy of the remaining fetus until birth.  
 The second method of embryo reduction is via manual rupture of an amniotic vesicle. 
This is a common practice done in horses, where the risk of carrying twins to full term is much 
more dangerous than it is in cattle. This is done at time of pregnancy determination (28-40 days 
of gestation). While this does seem promising, there is some risk with this procedure. Due to 
the placental anastomoses which exist between bovine twin fetuses, loss of both twins can 
occur. While this method does effectively cause the reduction of one twin, it can also increase 
the overall pregnancy loss to double the rate (40% vs normal of 20-28%) of cows carrying twins 
that received no treatment.  
 What must be considered with the two methods of embryo reduction is the balance 
between the positive side effects seen with the cow only carrying one calf to term compared to 
the negative side effects of possibly losing the entire pregnancy. A key aspect of this is with 
pregnancy determination, which is done via rectal palpation and guided ultrasonography. 
Veterinarians must be aware that the likelihood of twins on dairy farms has increased, and they 
should use this information to more carefully examine both sides of the pregnant cow’s uterus 
to determine if she may be carrying twins or not.  
 An area requiring further investigation into whether it will affect twinning rates is the 
use of estrous synchronization protocols. These are used by dairy farmers to raise the level of 
conception on their farmers. By having a group of breeding cattle on the same stage of their 
estrous cycle, this eliminates poor estrus (heat) detection and allows easier manipulation of 
reproduction. One of the most widely used synchronization protocols is called Ovsynch. This 
program involves the intramuscular injection of GnRH at specific timed periods with the intent 
of causing ovulation of a dominant follicle. Seven days later, prostaglandin (PGF2α) is 
administered, which causes regression of any corpus lutea present on the ovaries. Two days 
 
 
after PGF2α administration is another injection of GnRH, causing ovulation of a new dominant 
follicle. The cow will be bred by artificial insemination 24 hours following the second 
administration of GnRH.  
 Ayres and colleagues reported that by using a Double-Ovsynch protocol, which is just 
the Ovsynch protocol mentioned above but administered twice in a row (with no artificial 
insemination following the first round), there were less cows with lowered progesterone levels. 
As mentioned previously, lowered progesterone levels are found to be the main cause of 
twinning, by increasing LH release leading to codominance and multiple ovulation events. As 
seen in figure 7, not only were there less cows with decreased progesterone levels, but there 
were more cows where serum progesterone was increased following administration of the first 
injection of PGF2α. According to Lopez-Gaitus and colleagues, progesterone needs to be within a 
precise range during the late embryo-early fetal period, and any levels either below or above 
this led to pregnancy loss. Not only does the Double-Ovsynch protocol effectively lower the 
twinning rate, it effectively increases the estrous synchronization effects of the Ovsynch 
program, making cows more likely to ovulate.  
 The Double-Ovsynch protocol is an extremely valuable resource to dairy farmers, 
especially since many already use the OvSynch programs in their breeding protocols. This 
method is extremely easy and is very cost effective. Although it is currently only being used as 
an advanced estrous synchronization protocol, it does have likelihood to have use in decreasing 
twinning rates by increasing progesterone levels pre-ovulation. 
   
 
 
 
 
 
 
 
 
 
Figure 7 (Ayres, Ferreira, Cunha, Araujo, & Wilbank, 2013) 
On examining the effect of using the Double-Ovsynch versus the Ovsynch protocols, when serum progesterone levels were 
over 4 ng/mL, Double-Ovsynch is shown to increase progesterone more than the Ovsych protocol. For further discussion 
of how Double-Ovsynch can be utilized to increase progesterone, see the text.  
 
 
Conclusion 
 Along with increases in milk production, farmers have noticed increased twinning rates 
in dairy cattle in the last few decades. The main proposed mechanism for this is decreased 
progesterone at time of ovulation. This leads to an increased level of luteinizing hormone being 
released which is highly associated with the development and ovulation of two follicles. Since 
the development of twins is detrimental to both the cow and the calf, there is a need for 
management approaches that would reduce twinning. In this respect, two approaches have 
been proposed. The first approach involves the use of the Double-Ovsynch program which 
increases progesterone levels and lessens the chances of double ovulation occurring. This 
method would more commonly be used on dairy farms as many farmers already synchronize 
their cows’ estrous cycles and it does not require specialized equipment. The second approach 
involves embryo reduction in pregnant cattle. This can be done by two different methods- 
injection of prostaglandin into the corpus luteum, or manual rupture of the amnion. Although 
these two methods are highly effective, they are more so done for the basis of research and are 
not common practice on while on the farm. When determining whether to reduce the number 
of embryos a cow is carrying, careful consideration must be given to different factors such as 
the placental anastomoses which exist between embryos which may cause reduction of both 
twins. During pregnancy detection by the veterinarian, a risk-benefit analysis of the potential 
side effects of embryo reduction versus carrying both twins to term can be done before either 
of the reduction methods occur.  
 Knowledge of the mechanisms behind the increased rate of twinning seen over the past 
few decades along with proposed mechanisms to reduce this rate are important. Dairy farmers 
are faced every day with the challenge of lowering costs in every possible way, while still 
maintaining the health and wellbeing of the entire herd. By understanding the key concepts of 
this review, a farmer would be able to make informative decisions regarding events that impact 
their livelihood, especially those concerning twin calvings and the health issues associated with 
it.  
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